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NACA EM No. L7F16 

NATIONAL ADVISORY COMMITTEE FOE AERONAUTICS 

RESEARCH MEMORANDUM 

LAWS-LEY FULL-SCALB-TUHML INVESTIGATION OF .MAXIMUM LIFT 

' AND STABILITY CHARACTERISTICS .OF AN AIRPLANE HAVING 

APPROXIMATELY TRIANGULAR PLAN FORM  (DM-1 GLIDER) 

By J. Calvin Lovell and Herbert A. Wilson, Jr. 

SUMMARY 

An investigation. of the DM-1 glider, -which had approximately . 
triangular plan form, an aspect ratio of 1.8, and a 60° sweptback 
leading edge, has "been conducted in the Langley full-scale tunnel. 
The investigation consisted of the determination of the separate 
effects of the following modifications made to the glider on its 
maximum lift and stability characteristics: (a) installation of 
sharp leading edges over the inboard semispan of the wing, (b) removal 
of the vertical fin, (c) sealing of the eleven control -balance slots, 
(d) installation of redesigned thin vertical surfaces, (e) installation 
of-faired sharp leading edges, and (f) installation of canopy. 

The maximum lift coefficient of the DM-1 glider was increased 
from 0.6l to 1.01 by the installation of semispan sharp leading 
edges, and from 1.01 to 1.21^ by the removal of the vertical fin and 
sealing of the elevon control-balance slots.. The highest maximum 
lift coefficient (l«32) was obtained when the faired sharp leading 
edges and the thin vertical surfaces were attached to the glider. 

' The original DM-1 glider was longitudinally stable. The s'emi- 
span sharp leading edges shifted the neutral point forward approxi- 
mately 3 percent of the root chord at moderate 'lift"coefficients, 
and the glider configuration with these sharp leading edges attached 
was longitudinally unstable, for the assumed center-of-gravity 
location, at lift coefficients above 0,73« Sealing the elevon 
control-balance slots and installing the faired sharp leading edges, 
the thin vertical surfaces, and the canopy shifted the neutral point 
forward approximately 8 percent of the root chord. 

The 'dihedral effect of the DM-1 glider with the vertical fin 
removed and eleven control-balance slots sealed was positive for 
lift coefficients up to O.f» The semispan' sharp leading edges 
extended the lift-coefficient range for positive dihedral effect up 
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to a lift coefficient of 1.0. The faired sharp leading edges, which 
increased the angle of sweepbeck 4.2° reduced the highest lift coeffi- 
cient for positive dihedral effect to 0.7» 

The configurations of the DM-1 glider /with no vertical fin had a 
small degree of directional stability at low lift 'coefficients and 
became directionally unstable at the higher lift coefficients. The 
thin vertical surfaces installed on the DM-1 wing having-elevon 
control-balance slots sealed and semispan sharp leading edges attached 
contributed an increment of approximately -0.0024 tö 0^., thereby 

giving positive directional stability at all lift coefficients. The 
faired sharp leading edge and the P-8o canopy had destabilizing 
effects on C« . 

The results indicate that airplanes having approximately triangular 
plan form with 6o° cweepbaclc and sharp leading edges can be designed 
to have acceptable stability characteristics in the subcritical speed 
range. 

HJTE0EUOTI0N 

Research directed toward the attainment of supersonic flight 
has led to interest in the characteristics of wings of high sweep 
and of low aspect ratio. Since there are only limited full-scale data 
on such wings, an investigation of the German IM-1 glider has been 
conducted in the Langley full-scale tunnel. The DM-1 glider, which 
was designed for the investigation of the low-speed characteristics 
of an airplane configuration believed suitable for supersonic flight, 
has approximately triangular plan form, airfoil sections similar to 
the NACA 0015-64, an aspect ratio of 1.8, and a 6o° sweptback leading 
edge. 

Preliminary tests of the DM-1 glider in the Langley full-scale 
tunnel disclosed that the maximum lift coefficient was considerably 
lower than had been indicated by low-scale tests of similar configu- 
rations. In an effort to increase the maximum lift coefficient, 
the effects of sharp leading edges, redesigned vortical surfaces," 
and other modifications to .the DM-1 glider were investigated. In 
addition to the maximum-lift tests, an investigation was made of the 
stability and control characteristics of those glider configurations 
believed most suitable. 

The results of the major part of the maximum-lift investigation 
have been presented in reference 1. The present paper gives the 
results of the stability and control investigation and also includes 
a brief summary of the maximum-lift results. 
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SYMBOLS 

The data are referred to the stability axes, 'Which are defined 
in figure 1. The moments are given about center-of-gravity locations 
assumed to he at 50 percent of the root chord. (See figs. 2(a) 
and 2(c) .) The wing area of the original 3*1-1 glider (215 s<3 ft) 
was used in computing the coefficients of glider configurations 1 to 6. 
The wing area of glider configurations 7 and 8 (232 sq ft) was used 
as a "basis for the coefficients of these configurations. 

(%       lift coefficient (L/qS) 

CT        maximum lift coefficient 
••-max 

Cx longitudinal-force coefficient (X/qS) 

CY lateral-force coefficient (Y/qS) 

Cj rolling-moment coefficient. (L' /qSb) 

Cja pitching-moment coefficient (M/qSc1) 

Cn yawing-moment coefficient (if/qSb) 

/ He N C^       elevator hinge-moment coefficient f ^~Q] 

L lift 

X longitudinal force 

Y lateral force 

L' rolling moment about X-axis 

M pitching moment about Y-axis 

N yawing moment about Z-axis 

Ee elevator hinge moment 

q     .   dynamic pressure (^pv ) 

vS^e0 e~e. 
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p mass density of air 

V free-stream velocity 

3R Reynolds number 

S wing area 

C-L root chord of glider configuration 1 

c' mean geometric chord of wing (S/b) 

"b Bpan of wing 

"be elevator span, feet 

ce elevator roo.t-mean-square chord "behind hinge line, feet 

C7 rate of change of rolling-moment coefficient with angle 
* of yaw, per degree 

Cn rate of change of yawjLng-moment coefficient with angle 
•^ of yaw, per degree 

Cy rate of change of lateral-force coefficient with angle 
^ of yaw 

a angle of attack (measured in plane of symmetry), degrees 

t     % angle of yaw (positive when right wing is back), degrees 

Vd5e. 
,_ ,     rate of change of pitching-moment coefficient with 

*. e/^ _0     elevator deflection measured at 5e = 0° 

&e        angle of elevator deflection (positive down), degrees 

bf angle of flap deflection (positive down), degrees 

TEST AIRPLANE AND MODIFICATIONS 

The DM-1 glider was designed in Germany for the investigation of 
the low-speed characteristics of an airplane configuration believed 
suitable for supersonic flight. 
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The EM-1 glider has an approximately triangular plan form, 
airfoil sections similar to the NACA 0015-öf, an aspect ratio of 1.8, 
and a 6o° sweptback leading edge. It was constructed almost entirely 

of wood, the skin was -i-inch three-ply "birch plywood, and the spars 

and ribs were of conventional bos-beam construction. Hie principal 
dimensions of the glider are given in figure 2 and table I. General 
views of the glider mounted in the Langley full-scale tunnel for 
tests are given in figure 3. The glider as received was equipped 
with a rudder for directional control, elevons for lateral and longi- 
tudinal control, and longitudinal trim flaps. The "balance on the 
control surfaces was of the elliptical overhang type. The "balance 
gap was relatively large, however, and the shape of the wing Just 
ahead of the balance gap was elliptical. (See fig. 2(h) .) 

Following the basic tests of the original IM-1 configuration, 
numerous modifications were made to the glider in an effort to 
improve its aerodynamic characteristics. These glider modifications, 
which are referred to throughout the present report "by configuration 
numbers, are sketched in figure h  and are outlined as follows: 

Configuration 1: Original EM-1 glider.  (See figs. 2(a) and 3(a).) 

Configuration 2: IM-1 glider with semispan sharp leading edges 
attached.  (See fig. 2(b) .) 

Configuration 3! IM-1 glider with vertical fin removed. 

Configuration ^: IM-1 glider with vertical fin removed and elevon 
control-balance slots sealed. 

.Configuration 5: IM-1 glider with vertical fin removed, elevon 
control-balance slots sealed, and semispan sharp leading edges 
installed. 

Configuration 6: Same as configuration 5 with the redesigned- thin 
vertical surfaces shown in figure 2(c) installed. These vertical 
surfaces were, for simplicity of construction and installation, 
made with rectangular sections three-quarters of an inch thick. 

Configuration 7 '•  • Same, as configuration 6 with the faired sharp 
leading edges shown in figure 2(c) replacing the semispan. sharp 
leading edges. 

Configuration 8: Same a's configuration 7 with the P-80 canopy 
added.  (See figs. 2(c) and 3(b).) 
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METHODS AMD TESTS 

The  tunnel airspeed for the testB was limited to approximately 
k5 miiee per hour because the structure inside the glider, vhich 
was available for connection with the model supporting struts, was 
exceedingly fragile. The tests of glider configurations 1 to 5 
were conducted at'this airspeed, which corresponds to a Reynolds 
number of k>6. x 10° based on the mean geometric chord of glider 
configuration 1 (10.97 ft). Buffeting of configurations 6, 7, and 8 
necessitated.a reduction in tunnel airspeed for tests of these 
configurations to 36 miles per hour. 

In order to determine the separate effects of the component 
parts and modifications of the DM-1 glider on its aerodynamic 
charapteristies at zero yaw, the forces and moments on each glider 
configuration were measured throughout the angle-of-attack range 
with ail control surfaces locked at 0° deflection. Tests were 
conducted for configurations 1, 2, and 8 in order to determine the 
effect of the semispan sharp leading edges and of the modifications 
of configuration 8 on the elevator effectiveness and on the longi- 
tudinal stability.characteristics of the glider. The elevator hinge 
moments and the effectiveness of .the trim flaps of glider configu- 
ration 2 were also determined. The lateral stability characteristics 
of glider configurations 3 to 8 with control surfaces neutral were 
investigated by determining the aerodynamic characteristics of each 
configuration at angles of yaw of approximately 0°, ±3°, -5°, -10°, 
-15°, and -20°. 

RESULTS AND DISCUSSION 

The results of the DM-1 investigation are summarized in 
figures k  to 10, and the basic data from which the summary figures 
were prepared are presented in figures 11 to 21. An index to these 
figures is given in table H. All the test results have been 
corrected for the effect of the Jet boundaries on the drag coeffi- 
cient and the angle of attack. Wo correction has been applied to 
the data, however,, for the effect of the Jet boundaries on the 
rolling-moment coefficient or for the tares of the model' supporting 
Btruts, which were found to be of negligible magnitude. 
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Maximum Lift 

The summary i-esults of the maximum-lif t investigation of the 
eight EM-1 glider configurations are given in figure h*    The maximum 
lift coefficient of the original EM-1 glider (configurat'ion l), was 
increased from 0.6l to 1.01 by the installation of the semispan sharp 
leading edges shown in figure 2(h) . These sharp leading edges induce 
vortex-type flow over the upper surface of the wing which delayB the 
stall to much higher angles of attack. (See reference 1.) The 
maximum lift coefficient of the glider was also increased from 0.61 
to 0.93 by the removal of the vertical fin. The maximum lift coeffi- 
cient • of the glider with vertical fin removed (configuration 3) was 
increased from 0.93 to I.08 by the sealing of elevon control-halance 
slots, and from I.08 to 1.2k by the installation of the semispan • 
sharp leading edges. The addition of the redesigned vertical 
surfaces to glider'configuraticn 5 increased the maximum lift 
coefficient from 1.214- to 1.29- The highest maximum lift coefficient 
measured (l«32) was ohtained for glider configuration 7,  which had 
the faired sharp leading edges-and the redesigned vertical surfaces 
installed. The addition of the P-80 canopy to glider configuration 7 
decreased the maximum lift coefficient to I.27. The aerodynamic 
characteristics of each of these eight DM-1 glider configurations,, 
throughout the angle-of-attack range, are shown in figure 11. • • 

The effect of yaw on the lift characteristics of glider configu- 
rations 3 to 8 are also shown in figure 11. The lift characteristics 
of glider configuration 3 were not affected in any systematic manner 
by angles of yaw up, to -9«9°. The lift coefficient at any angle of 
attack was, however, decreased somewhat by yaw angles of -11*-.9° ' 
and -19.9°. As the maximum lift coefficient of the glider was 
increased by the modifications of glider configurations it to 8, the 
lift coefficient became increasingly dependent on yaw angle. The 
lift coefficients at an angle of attack of 380 and zero yaw for 
glider configurations k,  5, 6, 1-,  and 8 were decreased by incre- 
ments (&CL) of 0,12, 0.13, 0.26, 0.37j and O.39, respectively, 
by -9.9° of yaw. • 

..The effect of tunnel velocity on the lift coefficient of glider 
configuration 2 is shown in figure 12. These data were obtained at 
tunnel velocities of 29 to 52 miles .per hour, which correspond to 
Reynolds numbers of 3.0 k 10° to 5.3 x 10°, respectively. The 
maximum lift coefficients measured at these Reynolds numbers indicate 
that the reduction in tunnel velocity from lj-5'to 36 miles per hour, 
which was necessary for the tests of glider configurations 6, 7,- 
and 8, had no appreciable effect on CT 
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Longitudinal Stability and Control 

Longitudinal stability and control, stick fixed.- The stick- 
fixed static, longitudinal.stability and control characteristics'of 
glider configurations 1, 2, and 8 for the canter-of"gravity locations 
assumed are indicated by the curves of figure 5. These results, 
which give the elevator deflection for trim at various lift coeffi- 
cients, were obtained from the curves of figures 13 and l4. The 
rate of change.of elevator deflection with lift coefficient for ' 
configuration i (original DM^-l glider) indicates stable elevator- 
control movement throughout the lift-coefficient range investigated. 
Glider configuration 2, which had the eemispan sharp leading 'edge 
attached, is statically stabie up to a lift coefficient of 0.73, 
above which the elevator deflection for trim is in the unstable 
direction. Glider configuration 8 was statically stable for lift 
coefficients up to O.87, above which elevator-effectiveness, data 
were not available. The variation of C^   with CL for configu- 

ration 8 with controls neutral, however, Indicates that this 
configuration has static longitudinal stability for lift coefficients 
up to 1.25. 

The static longitudinal stability characteristics of configu- 
rations 1, 2,  and 8 for any center-of-gravity location can be 
determined from the curves of figure 6, -which show the center-of-gravity 
locations at which the longitudinal stability is neutral when tho 
glider is trimmed- TIB location of the neutral point of configu- 
ration 1 moves rearward from 0.5200-^ at C^ = o.l to 0>5k6c^ 
at C^ = 0A6. The vortex-type flow induced by the eemispan sharp 

leading edges of glider configuration 2 shifts the center of pressure 
of the wing forward, decreasing the static margin, so that less 
elevator deflection is required to trim oonfiguration 2, as was 
previously indicated by the curves of figure 5. The neutral point 
of configuration 2 .is at O.Jpl^c^ at lift coefficients up to 0.5, 

and above this lift coefficient the neutral-point location moves 
forward with increasing lift coefficient. At lift coefficients 
above 0.73, the neutral point is located forward of the center of 
gravity, making the glider unstable. The modifications of glider 
configuration 8, which add I6..9 square feet of area at the leading 
edge of the wing, move the neutral point forward to approximately 
O.V75C-L. This point, however, corresponds to O.530 of the root 

ohord of configuration 8, so the configuration Is longitudinally 
stable, for the center-of-gravity location assumed  fo.50 of root 
chord)• 



It is of interest to compare the neutral-point locations of 
the DM-1 glider with the theoretical neutral-point location for a 
•wing of similar plan form. Falkner has made calculations 
(reference 2) -which show that the neutral point of a delta wing 
(equilateral triangle with apex forward) is located at 58 percent 
of its root chord, which point corresponds to 50.6 percent of the 
root chord of the 3X4-1. This result is in good agreement with the 
neutral-point locations of DM-1 glider configurations 1 and 2, 
which, have plan forms approximating an equilateral triangle. 

Elevator effectiveness.- The results of the elevator-effectiveness 
tests of glider configurations 1, 2, and 8 are given in figure 7, which 

'dCL\ 
shows the variation of ( TT* ) •  with angle of attack. The elevator 

\d&<?. /s*=o Je" 

effectiveness    ~(rr— } of configuration 1 reaches.its maximum. 
>/o~=0 Jem 

value of 0.0050 at an angle of attack of 10° and then decreases with 

increasing angle of attack to 0.0037 at 17 • The value of ~\rjr~) 

for configuration 2 is 0.00^5 at an angle.of attack of 10°, and 
/dCjA 

decreases to O.003IJ- at a » 28°. This decrease in -l«~~ )    with 
^ e'&e=0 

angle of attack is less rapid for configuration 2 because the semi- 
span sharp leading edges maintain orderly f low over the elevon Burfaces 
at higher angles of attack. The effectiveness of the elevators of 

configuration 8 remains substantially constant at -( T^— )   . = 0.OGU2 
vd5e/8e*0 

throughout the angle-of-attack range investigated. 

Trim-flap effectiveness.- The effect of trim-flap deflection on 
the aerodynamic characteristics of glider configuration 2 is shown 
in figure 15. The rate of change of pitching-moment coefficient 
with trim-flap deflection is approximately constant throughout the 
flap-deflection range (ill0) and increases slightly with lift coeffi- 
cient. At a trim lift coefficient of 0.86, 5° of trim-flap deflec- 
tion and 2° of elevator deflection give corresponding increments of 
pitching-moment coefficient. The trlm'flap alone, however> is not 
sufficiently powerful to trim the glider, for the center-of-gravity 
location assumed, at any lift coefficient. 
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Lateral Stability and Control 

The separate effects of the modifications made to the EM-1 glider 
on C, , C_ , and Cy  are shown in figures 8, 9, and 10. 'These 

values of Cj   ,    0*, , and Cv  were obtained from the variation 

of C2, Cn, and 0y with- ijr> at small angles of yaw (t = ±5°), 
which is shown in figures 16 to 21. 

Dihedral effect.- The value of C,  for glider configuration 3, 

(original glider with vertical fin removed) increases from 0 at zero 
lift to 0.0019 at C^ of 0.5; and as CL increases above 0.5, 
C'j  decreases, reaching 0 at C^ of 0.68 and -0.002 at CL of 0.9• 

Sealing the elevon control-balance slots (configuration k)  did not 
change the dihedral effect of the wing. The semispan sharp leading 
edges of configuration 5 increased the dihedral effect of the glider. 
The maximum value of C^  for this configuration was 0.0024 (which 

value in terms of a conventional unswept wing of aspect ratio 6 
corresponds to 12° effective dihedral), and the dihedral effect 
was positive for lift coefficients up to 1.6. This increase in 
dihedral effect is probably due to the vortex action induced by 
the semispan sharp leading edges, which delay the stall of the 
leading wing tip. The addition of the redesigned vertical fin to 
glider configuration 5 had no appreciable effect on C7 . The 

effective dihedral of glider configuration 6 was considerably 
reduced by the replacement of the semispan sharp leading edges 
by the faired sharp leading edges of configuration 7,  probably 
because of the increased angle of sweepbaek. The maximum value 
of Cj. for configuration 7 was O.OOlS-, which decreased to 0 at a 

lift coefficient of 0.7, and to -O.OO30 at a lift coefficient 
of 1.15. The P-80 canopy of configuration 8 did not affect C7 

appreciably at lift coefficients below 0-9« At lift coefficients 
above 0.9, however, the canopy contributed a destabilizing incre- 
ment to C-> , which decreased the minimum value of Cj.  to -0.005 

at a lift coefficient of I.I5. 

Directional stability.- The- original IM-1 glider wing (configu- ' 
ration 3) had a small degree of directional stability at lift 
coefficients between 0.3 and 0.7. The minimum value of C„  for 

°t 
configuraticn 3 was -O.OOO7 at CL of 0-55, and at lift coefficients 
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above -tails value C^ increased with lift coefficient to unstable 

values at lift coefficients above 0.7- The sealing of the elevon 
control-balance slots had no effect on the minimum value of C«^, 

hut the lift coefficient at which the directional stability of 
configuration h became neutral was increased to 0.8l. The semispan 
sharp leading edges of configuration 5 also extended the lift- 
coefficient range over which the directional stability was positive' 
(Cn. «0 at CT = 1>05^ although the minimum value of Cn. 

remained at -O.OOO7. 

The directional stabil!ty provided by "the redesigned thin 
vertical surfaces is shown by the comparison of Cn  for glider 

configurations 5 and 6 in figure 9. The vertical surfaces of con-, 
figuration 6  contributed a stable increment of approximately -0.002l£ 
to CJJ. throughout the lift-coefficient range investigated'.' 

Cn  for configuration 6 was -0.002U- at Cj, of 0.3, -0.0031*- at 

C^ of 0.8, and -0.0012 at Cj, of 1.1. These values of Cn  are 

believed to be adequate for satisfactory flying qualities. 

The directional stability of glider configuration 6 was reduced 
at lift coefficients above 0.7 by the faired sharp leading.edges of 
configuration 7» The value of Cn. for configuration 7 was -0.0002 

at CL of 1.1, and 0 at Cj, Of 1.2. The P-80 canopy of configu- 

ration 8 had a destabilizing effect on Cn. which increased with CL, 

reducing the directional stability to neutral at Cx, of 1.0. 

. Lateral-force effect.- Glider configurations 3 and h had zero 
lateral-force effect at lift coefficients up to 0.5, ahove which Cy. 

increased almost linearly with C^ to 0.008 at C^ of O.85. The 

lateral-force effect of configuration 5 increased from 0 at lift 
coefficients below'«0.8 to 0.005 at CL of 1.1. The lateral-force 
characteristics of the three glider configurations which had the 
redesigned thin vertical surfaces attached (configurations 6, 7f 
and 8) had the same lateral-force characteristics. The values 
of Cy  for these configurations were approximately 0.007 at'a 

lift coefficient of 0.3 and increased slightly with lift coefficient, 
to approximately O.OO8 at a lift coefficient of 1.1. 
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SUMMARY OF RESULTS 

The results of tests of eight configurations of the EM-1 glider 
in the Langley full-scale tunnel are eummarized as follows: 

1. The maximum lift coefficient of the EM-1 glider was increased 
from 0.6l to 1.01 by the installation^ semispan sharp leading edges. 
Removing the vertical, fin from the glider- and sealing the" elevon 
control-balance slots increased the maximum lift coefficient to 1.2k. 
The highest maximum lift coefficient (l«32) was obtained when faired 
sharp leading edges and thin vertical surfaces were installed on the 
glider. 

2. The maximum lift coefficient of .the original EM-1 glider 
with vertical fin removed was not critically dependent on yaw 
angle. As the maximum lift coefficient was increased, however,'by 
sealing of the elevon control-balance slots and by installation of 
sharp leading edges, systematic decreases in the maximum lift coeffi- 
cient resulted from yaw. 

3. The original ,DM-1 glider was longitudinally stable for the 
assumed center-of-gravity position. The semispan sharp leading 
edges shifted the neutral point forward approximately 3 percent of 
the root chord at moderate lift coefficients, and the glider configu- 
ration with these sharp leading edges attached was longitudl.nal.ly 
unstable, for the assumed center-of-gravity location, at lift 
coefficients above 0.73« Sealing the elevon control-balance slots 
and installing faired sharp leading edges, thin vertical surfaces, 
and the canopy shifted the neutral point forward approximately 
8 percent of the root chord in the lift-coefficient range investigated. 

k.  The dihedral effect of the original EM-1 glider with vertical 
fin removed was positive at lift coefficients up to 0.7« The semi- 
span sharp leading edges extended the lift-coeffldent range for 
positive dihedral effect up to a lift coefficient of 1.0. The 
faired sharp leading edges decreased the highest lift coefficient 
for positive dihedral effect to 0 7. The redesigned vertical 
surfaces did not change, the dihedral effect of the glider. 

5. The configurations of the EM-1 glider with no vertical- 
fin had a small degree of directional stability at low lift coeffi- 
cients and became directionally unstable at the higher lift coeffi- 
cients. The redesigned thin vertical surfaces installed on the 
EM-1 wing having elevon control-balance slot's sealed and semispan 
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sharp leading edges attached contributed an increment of approxi- 
mately -0.002k to Cjty, thereby 'giving the glider configuration 

directional stability at all lift coefficients. The faired sharp 
leading edges and the P-80 canopy had destabilizing effects 
on %' 

6. These results indicate that airplanes having approximately 
triangular plan form vith 60° sveepback and sharp leading edges 
can be designed to have acceptable stability characteristics in 
the Bubcritical speed range. 

Langley" Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
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TABLE I 

DIMENSIONS OF DM-1 GLIDES 

Original Glider 
Wing: 

Span, ft.  19.6 
Area, sg ft  215.0 
Aspect ratio   1.8 
Airfoil section  Approximately NACA 0015~6^ 
Thickness, percent chord    15 
Point of greatest thickness, percent chord    kO 
Root chord, ft  20.75 
Mean geometric chord, ft 10.97 
Twist,  deg  0 
Dihedral, deg       0 
Sweepfcack (L.E.), deg               60 
Sweepforward (T.E.), deg    15 
Vertical location of center of gravity, percent root 

chord from chord line .......     0 
Horizontal location of center of gravity, percent 
root chord .    50 

Horizontal control surfaces:' 
Total elevon area, sq ft 23.3 
Elevon chord, ft •  . 1.95 
Elevon hinge location, percent chord     27 
Elevator-angle range, deg ............. i •. 28 to -2k 
Aileron-angle range, deg '. 21 to -21 
Total trim-flap area,'sq ft 6.97 
Trim-flap chord, ft I.38 

Vertical tail: 
Height, ft  8.58 
Area (to chord line of wing), sq ft .  89*6 
Aspect ratio ........   ...... 0.82 
Airfoil section Approximately KACA 0015-6k 
ThickneBS, percent chord  . 17*5 
Point of greatest thickness, percent chord  ^0 
Root chord, ft  . 19-7 
Angle of sweepback (L .E.), deg  65 
Angle of sweepforward (T.E.), deg  0 
Rudder area, sq ft  8.01 
Rudder chord, ft   I.32 
Hinge location, percent chord ......   27 
Rudder-angle range, deg .....'  £23 

NATIONAL ADVISORY 
CC1MMITTEE FOR AERONAUTICS 
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TABLE I - Concluded 

DIMENSIONS OF DM-1 GLIDER - Concluded 

Modifications 
Semispan sharp leading edges: 

Length, ft  10.83 
Width, in. . . .  3 
Thickness, in. ......  O.06 
Area, sq ft «  5.U2 

Vertical fin: 
Height, ft    6.85 
Area (to chord line), sq ft  33-3 
Aspect ratio  l.kl 
Thickness, in..»..   ............ O.75 
Root chord, ft  9.79 
Angle of sveephack {L.E.), deg  35 
Angle of sveepforward (T.E.), deg  0 

Ventral fin: 
Height, ft    I.56 
Area (to wing profile), sq ft  6.22 
Thickness, in.  O.75 

Faired sharp leading edge: 
Length, ft   16.3 
Total projected area,  sq ft   l6.9 

NATIONAL ADVISORY 
COMMITTEE FOE AERONAUTICS 



NACA RM No. L7F16 Fig. 1 
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direction 
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w,nd 
direction 

NATIONAL  ADVISORY 
COMMITTEE FOR AERONAUTICS 

Figure /.-The   stability system   of  axes.  Arrows   indicate 
posihse   directions    of  moments, forces,    and   coniroh 
surface    deflections.    This system   of   axes  is defined as 
an   orthogonal   system   having   their   ongjn   at  the 
center   of   gravity    and    in   which     the    Z.- axis   12 /n the 
plane    of symmetry   and    perpendicular   fo   the    relative 
Mna, the   X- axu   is   m   the   plane   of' symmetry   and 
perpendicular   to   the   Z'-am,   and   tlte    Y-axis   is 
perpendicular     TO   the   plane   of    symmetry. 
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